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(57)Abstract: 

PURPOSE: To provide the method for inexpensively classifying and recovering valuable metals from 
used secondary batteries. 

CONSTITUTION: The used secondary batteries are crushed and the crushed matter obtd. in such a 
manner is separated to magnetic materials and nonmagnetic materials by primary magnetic sepn. The 
nonmagnetic materials are roasted at 500 to 1000°C in a nonoxidizing atmosphere or in a reducing 
atmosphere, by which the nonmagnetic materials are reduced. The roasted matter obtd. in such a 
manner is separated to magnetic materials and nonmagnetic materials by secondary magnetic sepn. As 
a result, the valuable metals, such as nickel and cobalt, are easily classified and recovered from the 
used secondary batteries. The classified and recovered magnetic materials are extremely good nickel 
and cobalt raw materials. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] It sets at an approach to collect valuable metals, such as nickel and cobalt, from a used lithium 
secondary battery. (1) The process which crushes a lithium secondary battery and classifies the obtained 
grinding object to the magnetic substance and non-magnetic material by the first magnetic separation, (2) 
The process which roasts the obtained non-magnetic material over 500-1000 degrees C among a non- 
oxidizing atmosphere or reducing atmosphere, and returns non-magnetic material, (3) — the process which 
classifies the obtained baking object to the magnetic substance and non-magnetic material by the second 
magnetic separation — since — the judgment time collection method of the valuable metal from the used 
lithium secondary battery characterized by becoming. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the judgment time collection method of the valuable metal 

from a used lithium secondary battery. 

[0002] 

[Description of the Prior Art] There is a lithium secondary battery as one of the rechargeable batteries which 
service voltage is high, and have dependability over a long period of time, and do not have the danger of the 
public nuisance after abandonment. Generally, this lithium secondary battery applies to aluminum foil the 
multiple oxide shown by LiCo(l-X) MnX02 or LiXM02 (M is Co or nickel), is used as a positive 
electrode, mainly applies a carbonaceous ingredient to copper foil, uses it as a negative electrode, prepares 
microporous polypropylene in between a positive electrode and negative electrodes and the outside of a 
positive electrode, or the outside of a negative electrode, and is putting it into the iron sheathing can by 
making these into a roll. Moreover, the metal nickel foil is used as a lead. 

[0003] Thus, not only rare metals [ lithium secondary battery ], such as nickel and cobalt, but iron and 
copper are used so much. However, the actual condition is discarded, without collecting these valuable 
metals by type. The reason is that a means to collect these valuable metals by type from such [ still ] a 
lithium secondary battery is not developed. 
[0004] 

[Problem(s) to be Solved by the Invention] This invention is made in view of the above-mentioned situation, 
and aims at offer of the approach of collecting the above-mentioned valuable metal especially nickel, and 
cobalt by type more cheaply than a used lithium secondary battery. 
[0005] 

[Means for Solving the Problem] The approach of this invention which solves the above-mentioned 
technical problem classifies the grinding object which crushed the used lithium secondary battery and was 
obtained to the magnetic substance and non-magnetic material by the first magnetic separation, roasts non- 
magnetic material over 500-1000 degrees C among a non-oxidizing atmosphere or reducing atmosphere, 
returns non-magnetic material and carries out judgment collection of the valuable metals, such as nickel and 
cobalt, by type from a lithium secondary battery by classifying the obtained baking object to the magnetic 
substance and non-magnetic material by the second magnetic separation. 
[0006] 

[Function] This invention tends to classify the metal nickel which is the iron and lead material which are a 
can ingredient from nonmagnetic objects, such as other multiple oxides, copper, and a lithium, by the first 
magnetic separation, tends to carry out reducing roasting of the nonmagnetic object, tends to transform the 
nickel and cobalt in a multiple oxide to the metal which is a ferromagnetic, and tends to collect by type the 
metal nickel and metal cobalt which were generated by the second magnetic separation from a nonmagnetic 
object. 

[0007] Iron and metal nickel are beforehand classified for reducing the load in a roast process with a 
nonmagnetic object by the first magnetic separation. For this reason, even if it does not limit especially the 
crushing approach of the lithium secondary battery needed, either and uses metal shredder, the cutter by the 
help may be used. The need that contents and a can can be classified and pulverize that what is necessary is 
just extent does not have the magnitude which should be crushed, either. 

[0008] The magnetic separator used for the magnetic separation of iron and nickel is good at a commercial 
low magnetism magnetic separator, and may use the usual magnet depending on the case. It is because the 
magnetic substance which exists in this phase is iron and metal nickel currently used for the lead. 
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[0009] In the non-magnetic material obtained by the first magnetic separation, a lot of carbonaceous 
ingredients used as the separator which is the organic substance, or a negative electrode exist. For this 
reason, if it roasts in a non-oxidizing atmosphere, it will be returned and metal nickel metallurgy group 
cobalt will generate the multiple oxide used for the positive electrode. Since the lithium secondary battery 
using non-carbonaceous ingredients, such as a lithium, as a negative-electrode ingredient is processed, if it 
is, it will be needless to say that it must roast in a non-oxidizing atmosphere with reduction material, such as 
a carbonaceous ingredient, or must roast in reducing atmosphere. 

[0010] If roast temperature is low, reduction of nickel or cobalt will not progress, but if too high, copper foil 
will dissolve, and judgment with a magnetic matter called metal nickel metallurgy group cobalt and 
nonmagnetic objects, such as copper and lithium salt, becomes difficult. For this reason, roast temperature is 
made into 500-1000 degrees C. A lithium becomes the mixture of a lithium carbonate, lithium oxide, and an 
ulmin acid lithium by this roast. And nickel and cobalt turn into metal nickel metallurgy group cobalt which 
is a ferromagnetic, and copper foil and the carbon for an excess are in the condition as it is. And except that 
copper has become foil-like, all of each configuration are powdered. Therefore, if the obtained baking object 
is further covered over magnetic separation, nickel and cobalt can be collected by type as a magnetic matter. 
As a magnetic separator to be used, a dry-type magnetic separator is sufficient and a wet magnetic separator 
is sufficient. 

[001 1] In addition, although what is necessary is just to make the magnetism of a magnetic separator high in 
order to make recovery of nickel and cobalt high, the judgment nature with non-magnetic material gets 
worse in this case. However, since the dissolution removal of the non-[ soluble ] purity in a magnetic 
separation-ed object can be carried out, and a nickel particle and a cobalt particle will be washed and a 
surface of metal will be exposed if wet magnetic separation is performed, the recovery and judgment nature 
of nickel and cobalt can be made high. 

[0012] It does not result in the condition that mixing of lithium compounds, such as an ulmin acid lithium, is 
not avoided by the second magnetic separation object obtained by the approach of this invention, but it can 
use for it as metal nickel metallurgy group cobalt as it is. However, this magnetic separation object can be 
considered as a good nickel refinement raw material, in order to dissolve easily from an acid. Moreover, also 
according to a screen, judgment with a copper foil and other lithium salts is good, and the acid dissolution 
may be carried out and it may classify a nonmagnetic object. 
[0013] 

[Example] Next, metal shredder ground one used lithium secondary battery of a cylindrical shape with a 
diameter [ of 20mm ], and a die length of 50mm which describes the example of this invention (example 1), 
the alnico magnet of marketing of residual magnetic flux density 0.8 Wb/m2 was inserted into the grinding 
object, and the ferromagnetic object A was classified. The obtained nonmagnetic object was roasted over 
700 degrees C among the nitrogen air current for 1 hour using the tube furnace. The ferromagnetic object B 
which generated the obtained baking object after roast using said alnico magnet was classified. The 
ferromagnetic object (A+B) and nonmagnetic object which were obtained were dissolved in the aqua regia, 
respectively, the nickel and cobalt in the obtained solution were analyzed, and it asked for the partition ratio 
to a ferromagnetic object and a nonmagnetic object. Consequently, it turned out that 93% with a nickel total 
amount [ in a lithium secondary battery ] of 0.01 5g distributes into a ferromagnetic object, and 98.7% with a 
cobalt total amount of 5.42g is distributed to the ferromagnetic object. 

[0014] (Example 2) The partition ratio of nickel and cobalt was investigated like the example 1 except 
having made roast temperature into 800 degrees C. Consequently, it turned out that 90% with a nickel total 
amount [ in a lithium secondary battery ] of 0.01 5g distributes into a ferromagnetic object, and 94% with a 
cobalt total amount of 5.42g is distributed to the ferromagnetic object. 

[0015] (Example 3) The baking object was fed into 150ml water, and the partition ratio of nickel and cobalt 
was investigated like the example 1 except having stirred, having carried out solid liquid separation 
subsequently, and having carried out magnetic separation of the solid. Consequently, it turned out that 94% 
with a nickel total amount [ in a lithium secondary battery ] of 0.01 5g distributes into a ferromagnetic 
object, and 99.3% with a cobalt total amount of 5.42g is distributed to the ferromagnetic object. Each 
particle front face is considered because the rate which a nickel metal and a cobalt metal expose became 
high on a wash and a front face by stirring this underwater. This result corresponds, when wet magnetic 
separation is performed. 
[0016] 

[Effect of the Invention] According to the approach of this invention, valuable metals, such as nickel and 
cobalt, can be collected by type easily and the nickel and cobalt which were collected by type serve as 
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superior nickel and a cobalt raw material from a used lithium secondary battery. 
[Translation done.] 
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